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We have been developing a production method of medical radioisotopes (RI) by accelerator-
based neutron1). There are a few reactions to generate accelerator-based neutron e.g. DT or 
DD fusion reactions, (p,n) reaction, and (d,n) reaction2). Among all, (d,n) reaction is 
especially promising reaction for the medical RI production. The reaction has two advantages. 
First, the generated neutron intensity is high, since the binding energy of deuteron is 2.2 MeV 
and it is weak enough to efficiently occur break-up reactions. Second, the neutron spectrum 
has a peak around the half of incident deuteron energy. In other words, the spectrum shape 
can be adjusted by changing the incident deuteron energy to produce RIs not to include large 
amounts of by-products. 
In these two years, we have focused on the production method of 64Cu which is one 
of a candidate of longer half-life PET nuclides compared with clinically used ones. A 
practically used production route is the 64Ni(p,n) reaction. Accelerated protons bombard on 
the 64Ni target directly in the method. However, because of the short range of proton in nickel, 
very small amount of the nickel target reacts with the protons. Therefore, highly enriched 
64Ni is required as a raw material to increase 64Cu production amount, although the 
enrichment cost is very high because of the small natural abundance of 64Ni (~1%). In contrast, 
we can use a large amount of raw material in the accelerator-based neutron method because 
of high transmission ability of neutrons. In addition, natural zinc can be used as raw material, 
since the neutron energy distribution can be adjusted to suppress the amount of by-products3). 
Therefore, the accelerator-based neutron method can be an alternative of the existing 
production methods of 64Cu.  
For a feasibility study of the production method of 64Cu by the accelerator-based 
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neutron, we have performed accelerator experiments at CYRIC with two purposes. 
1) Systematic measurements of thick target neutron yield (TTNY) of the C(d,n) and 
Be(d,n) reactions to find the optimal deuteron energy for the 64Cu production method. 
2) Development of chemical separation method of 64Cu from large amount of a raw 
material and investigation of its labeling efficiency to a typical ligand, DOTA by using 
actually produced 64Cu by the accelerator-based neutron. 
First, an example of the systematic measurement of TTNY of the C(d,n) reaction of 
16-MeV deuteron is shown. The multiple foils activation method was adopted in the study, 
because the activation power of the neutron field can be directly measured by the method. 
Deuterons were accelerated to 16 MeV and bombarded on a neutron converter made of 
carbon. The multiple foils were irradiated by the accelerator-based neutron. After that, 
gamma rays emitted from the irradiated foils were measured by HP Ge detectors to derive 
the numbers of atom which are produced by the activation reactions. From these numbers of 
atom, the TTNY was derived by using unfolding code, GRAVEL5). Figure 1 shows the result 
compared with theoretical TTNY prediction model, DEURACS6). 
Next, preliminary results of chemical separation and labeling study are shown. Zinc 
oxide target was irradiated by the accelerator-based neutron generated by 25-MeV deuterons 
on the carbon neutron converter. After that, around 50 Bq/g/µC of 64Cu was produced in the 
target. The target was divided into a few samples to investigate different chemical separation 
conditions. The solid-phase extraction method4) was adopted in the present study. In our 
investigation, we found that hydrochloride acid (HCl) density during the copper absorption 
to chelating column is very important for efficient separation. We have been investigating the 
optimal density. The extracted 64Cu samples were labeled by DOTA with different 
temperature and labeling time. The labeling index is found to be dependent on the conditions. 
We have been also finding the most efficient labeling condition. 
In future, we continue the systematic measurements of TTNY of the C(d,n) and 
Be(d,n) reactions to find the optimal incident deuteron energy to produce 64Cu. In addition, 
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Figure 1.  Resultant TTNY of the C(d,n) reaction at Ed = 16 MeV 
compared with TTNY derived by DEURACS. 
 
 
 
